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If) (54) Title: USE OF AN ACTIVE AGENT FOR TREATMENT OF CANCER 

(57) Abstract: The invention relates to the use of an active agent, particularly an inhibitor, in treating cancer by influencing, prefer- 
7 ably inhibiting the expression of matrix-metalloproteases. The targets for this active agent can especially related to downstream 
regulators of the ma trix-metallopro tease 9 (MMP-9) signal transduction pathway. According to the invention, especially inhibitors 
of p38beta and p38gamma as also of mitogen-activated kinase kinase 6 (MKK6) and mitogen-activated kinase kinase 3 (MKK3) can 
)^ be applied. 
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Description 

USE OF AN ACTIVE AGENT FOR TREATMENT OF CANCER 

The invention relates to the use of an active agent, particularly an 
inhibitor, of matrix-metalloproteases expression. More specifically, this 
invention relates to the use of such agents in connection with the 
treatment of cancer, especially cancer invasion. 

As is known, the degradation of the extracellular matrix is a very complex 
process and it is part of many pathological and physiological processes. 
Thereby, the proteolytic degradation of the extracellular matrix plays a 
crucial role in cancer invasion as also in nonneoplastic tissue remodelling 
processes. The invasive phenotype of cancer critically depends on the 
activity and expression of several proteases. The role of the matrix- 
metalloprotease enzymes in this tumor cell-mediated extracellular matrix 
proteolysis is well established. One of these matrix-metalloproteases is 
the MR 92,000 type IV collagenase (MMP-9). MMP-9 degradates the 
basement membrane, a structure that is largely composed of type IV 
collagen and which normally separates the epithelial from the stromal 
compartment (1, 2). Many growth factors induce expression of MMP-9 
and other proteases by binding to transmembrane tyrosine receptors 
which in turn activate signal transduction pathways (3, 4). However, some 
cell lines produce large amounts of proteases even in the absence of 
such growth factors, suggesting a constitutive activation of signaling 
cascades as one underlying mechanism (5). In fact, constitutive activation 
of signal transduction pathways has been described for renal cell 
carcinomas, leukemia's as well as numerous other cancers. In connection 
with these constitutive activation of signal transduction pathways 
reference is made to the publications of H. Oka et al. and to S.C. Kim et 
al.(6,7). 
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It is well known by those who are skilled in the art that the stress- and 
mitogen-activated protein kinases (SAPK and MAPK) play a central role 
in signaling pathways. There are three major subfamilies including 
5 p38/RK, JNK/SAPK, and p42/p44 MAPK's/ERK's. In general ERK's are 
stimulated by mitogens and differentiative factors, while JNK and p38 are 
activated by environmental stress such as ultraviolet light, osmotic stress 
but also inflammatory cytokines. All three subfamilies regulate apoptosis, 
ERK's are negative but JNK's and p38's are positive regulators (8). So far 

10 four human isoforms of p38 have been cloned: p38oc (9), p38p (10), p38y 
(11), which also has been termed SAPK3 or ERK6 and p385 (12), also 
termed SAPK4. The a- and (3-isoforms are predominantly involved in 
mediating proinflammatory signals to the nucleus and regulate apoptosis 
(8). p38y has been implicated to play a role in muscle development and 

15 response to hypoxic stress (13, 14). p38cc and -(3 are widely distributed in 
human tissues, their expression was found to be most abundant in brain 
and heart (10). SAPK3 is predominantly present in skeletal muscle (15, 
16). Little is known about the function of SAPK4. High levels of 
expression were found in salivary, pituitary and adrenal gland tissue (12). 

20 Important upstream regulators of p38 isoforms include the protein kinases 
MKK6 and MKK3. 

Findings and investigations up to now concerning the involvement of 
matrix-metalloproteases in cancer invasion and metastasis have focused 

25 on the functions of the various matrix-metalloproteases enzyme domains 
and their interactions with inhibitor domains. For instance it is known that 
the proteolytic activity of the matrix-metalloproteases involved in 
extracellular matrix degradation must be precisely regulated by their 
endogenous protein inhibitors, the tissue inhibitors of metalloproteases 

30 (TIMPs). These tissue inhibitors of metalloproteases play also an 
important role in matrix degradation by tumor cells. The activity of TIMP 
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and MMP was analysed in several carcinomas, for instance in renal celi 
carcinoma as also in gastric cancer. In connection with these studies 
reference is made to the publications of A. Kugler and G.I. Murray et al. 
(17, 18). These tissue inhibitors of metalloproteases are a family of 
5 secreted proteins that play a crucial role in the regulation of the activity of 
the secreted metalloproteases. Up to now three of them are characterized 
(TIMP1, TIMP2 and TIMP3). They influence the activation of the 
prometalloproteases and act to modulate proteolysis of extracellular 
matrix, notably during tissue remodelling and inflammatory processes. A 

10 characterization of these tissue inhibitors of matrix-metalloproteases, 
appears in the publication of D.T. Denhardt et al. (19). There are also 
synthetic matrix-metalloproteases inhibitors like marimastat (BB-2516), a 
butanediamid-derivative with the IC 5 o value in the micromolar range. C. 
Simon et al. (20) demonstrated that the enhanced MMP-9 secretion and 

15 in-vitro invasiveness in a human squamous cell carcinoma cell line (UM- 
SCC-1) after treatment with phorbol myristate acetate (PMA), a known 
tumor promoter widely used in the study of skin carcinogenesis (reviewed 
in (21)), could be inhibited by using the general p38 inhibitor SB 203580. 

20 It has now surprisingly been found that the constitutive activity of the p38 
as also the MKK6 and/or MKK3 pathway plays a crucial role in the high- 
level expression of MMP-9 in cancer cells. As a result of these 
unexpected findings, the use of active agents which are targeted/directed 
against downstream regulators of MMP-9 expression for the treatment of 

25 cancer, especially cancer invasion is made possible. 

Thus, the problem of the invention of making available active agents for 
the treatment of cancer, is solved by the use according to claims 1 and 2. 
Preferred embodiments are given in the dependent claim 3 to 17. The 
30 content of all these claims is hereby incorporated into the description by 
reference. 
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According to the invention, at least one active agent is used for 
influencing, particular/ inhibiting the expression of matrix- 
metalloproteases in eukaryotic cells for the treatment of cancer. This in 
particular also covers the use of such active agent for producing a 
5 corresponding medicament or a corresponding pharmaceutical 
composition. According to the present invention, the active agent can 
optionally be used in the form of its pharmaceutically acceptable salts and 
optionally together with a pharmaceutically acceptable carrier. 

10 The active agents used according to the present invention are those 
which preferably influence, particulary inhibit the above-mentioned matrix- 
metalloproteases involved with cancer, preferably cancer invasion. 
According to the invention one preferred matrix-metalloprotease involved 
in cancer invasion is the matrix-metalloprotease 9. 

15 

In one preferred embodiment of this invention the active agent used is 
preferably targeted against at least one member of matrix- 
metalloprotease signal transduction pathways, particularly against one 
member of the MMP-9 signal transduction pathway. One preferred 

20 member of this MMP-9 signal transduction pathway is the so-called p38 
protein family. In the use according to this invention one of these p38 
proteins is the p38p protein, another preferred member according to the 
use of the present invention is the p38y (SAPK3 or PRK6) protein. 
Another preferred target for the active agent according to the invention is 

25 the mitogen-activated kinase kinase family. Two preferred members of 
this mitogen-activated kinase kinase family are the mitogen-activated 
kinase kinase 6 (MKK6) and the mitogen-activated kinase kinase 3 
(MKK3). In the use according to the invention one member of the MMP-9 
signal transduction pathway can be targeted alone by the active agent, 

30 but there can also be a random combination of two or three or even more 
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different members of the MMP-9 signal transduction pathway which are 
targeted by the active agent. 

In another preferred embodiment it is optionally also possible that an 
5 activator, regulator and/or a biological precursor of the matrix- 
metalloprotease signal transduction pathway, preferably of the MMP-9 
signal transduction pathway, is targeted and/or influenced by the active 
agent. These activators, regulators and/or biological precursors may be 
e.g. kinases which are known to be involved in the regulation of the 
10 enzymatic activity of proteases, transcriptional factors like AP-1 and 
others which are responsible for the expression level of proteases, 
proteases which are responsible for the activation of prometalloproteases 
or tissue inhibitors, or even up to date unknown compounds which can be 
influenced by the active agent. 

15 

According to the invention it is possible to use known or also novel active 
agents. In one preferred embodiment of the invention the active agent is a 
compound with specific inhibitory capacity against at least one member of 
the matrix-metalloprotease signal transduction pathway, preferably 

20 against the MMP-9 signal transduction pathway. This active agent is 
preferably a comparably small molecule of low molecular weight (MW), 
especially with a MW < 1000. It is further preferred, if such active agent is 
an imidazole derivative. Such imidazole derivatives, like SB 203580 (MW 
377,4) or SB 202190 (MW 331,3) which are both obtainable from 

25 Calbiochem, San Diego, Ca, USA, are known to be potent inhibitors of 
kinase expression. In another preferred embodiment of this invention, the 
active agent is an inhibitor of p38 proteins. This can be a known or also a 
further novel inhibitor of p38 proteins. In another preferred embodiment of 
this invention, the active agent is an inhibitor of the mitogen-activated 

30 kinase kinase family. This inhibitor can be a peptide inhibitor of the 
mitogen-activated kinase kinase family like the kinase dead mutants 
constructed with standard molecular biology techniques as used in this 
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description or also a novel inhibitor compound. Several inhibitors are 
known and one can find a few of them in the publications of Y. Fukami et 
al., J.C. Lee et al., and D. Fabbro et al. (22-24). 

5 In another preferred embodiment according to the present invention the 
active agent is an inhibitor of activators, regulators and/or biological 
precursors of the matrix-metalloprotease signal transduction pathway, 
which might be kinase inhibitors, transcription factors inhibitors, for 
instance AP-1 inhibitors, tissue inhibitors, proteases inhibitors and other 
10 known or novel inhibitors of the matrix-metalloprotease signal 
transduction pathway. 

In another preferred embodiment according to the invention the active 
agent is a polynucleotide which encodes a peptide or a polypeptide that 
15 inhibits the expression of matrix-metalloproteases, preferably inhibits p38 
and/or mitogen-activated kinase kinase activity. This peptide can be e.g. a 
p38 kinase deficient mutants, a mitogen-activated kinase kinase dead 
mutant and other peptides known to those who are skilled in the art. 

20 The invention can be used for treatment of all kinds of cancer, especially 
cancer with a overexpression of matrix-metalloproteases and therefore 
with a high invasiveness and metastasis of this cancer. A overexpression 
of MMP-9 was reported in squamous epithelial carcinomas of the head, 
neck, skin and stomach as also in fibrosarcomas of the stomach. An 

25 increased MMP-9 level was also found in the serum of patients with 
colon-, breast- and hepatocellular carcinomas. Therefore, among the 
treatable illnesses particular reference is made to the above noted 
cancers. As is generally known metastatic disease (but also often 
invasive tumor growth itself) limits the survival of cancer patients. The 

30 reasons of the constitutive activation of signal transduction pathways in 
cancer are up to now unknown. It might result from mutations of growth 
factor receptor genes such as gene amplifications or autocrine loops, i.e. 
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expression of ligand and receptor in the same tissue. The above 
mentioned cancers are good targets for the active agent according to 
invention as cancer invasion is a vexing problem in these cancers. 

5 According to the invention it is possible to select the administration form of 
the active agent. This form can be adapted to the age, sex or other 
characteristics of the patient, the severity of the cancer and other 
parameters. Conventional pharmaceutical carriers, diluents or conventio- 
nal additives can be present. 

10 

The dosage can be freely selected as a function of the clinical picture and 
the condition of the patient. 

The invention finally comprises a pharmaceutical composition or a 
15 medicament for the treatment of cancer, which contains at least one 
active agent for influencing, particular/ inhibiting the expression of matrix- 
metalloproteases in eukaryotic cells. Relating to the individual features of 
such composition or medicament, reference is made to the corresponding 
description text above. 

20 

The described features and further features of the invention can be 
gathered from the following description of preferred embodiments in 
conjunction with the subclaims. The individual features can be 
implemented separately or in the form of subcombinations. 

25 

MATERIALS AND METHODS 

Vectors: A constitutively active mutant of MKK-6 was generated by 
30 substituting serine 207 and threonine 211 by glutamic acid as described 
elsewhere (31-33), the dominant negative MKK-6 phenotype by 
substituting serine 207 and threonine 211 with alanine (34), and the kinase 
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deficient p38 mutants by substituting threonine by alanine and tyrosine by 
phenylalanine in the typical TGY sequence of the p38 kinases and all 
resultant c-DNA's were subcloned into the mammalian expression vector 
pcDNA3 as described elsewhere (11, 35, 36). CAT reporter driven by 
5 either 5'deleted fragments of the MMP-9 promoter or by a mutated 
promoter (-79 AG-1 mt) have been described elsewhere (37). The TAM- 
67 construct encodes a mutant c-jun protein that lacks amino acids 3-122 
(38). The *5AP-1 pBLCAT construct consists of five AP-1 repeats in front 
of a minimal thymidine kinase promoter CAT reporter (39). 

10 

Tissue Culture and Materials. UM-SCC-1 cells (known to a skilled person 
and obtainable from Dr. Thomas Carey, University of Michigan, Ann 
Arbor, Ml), Hlac82 (known to a skilled person and obtainable from Dr. 
Hans Peter Zenner, University of Tubingen, Germany) and NIH 3T3 cells 

15 (maintained by nearly every cell biology laboratory and also obtainable 
from Dr. Hans Peter Zenner, see above), were maintained in McCoy's 5A 
culture medium supplemented with 10% fetal bovine serum (FBS, Gibco 
Life Technologies, Karlsruhe, Germany). For the collection of conditioned 
medium for zymography and Western blotting, 80% confluent UM-SCC-1, 

20 Hla82 and NIH 3T3 cells respectively were incubated in serum-free 
medium (McCoy's 5A medium, components known to a skilled person 
and available from Gibco Life Technologies, Karlsruhe, Germany) for 48 
hours, when indicated with or without SB 203580 (Calbiochem, San 
Diego, CA) or carrier (DMSO) added at the same time. In the following 

25 "serum-free medium 1 ' will also be abbreviated as "SFM". The culture 
medium was collected and proliferation determined after incubating cells 
in 0.2-mg/ml MTT-vital stain and reading aliquots of DMSO dissolved 
formazan crystals by spectrophotometry at 570 nm. Growth curves were 
constructed as described (25) using various , amounts of SB 203580 

30 added at the same time after allowing 12 hours for cell attachment (day 0) 
and up to four days thereafter (day 1 through 4) under serum and non- 
serum conditions. 
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Zymography. Zymography was performed exactly as described (20, 25) 
using SDS-PAGE gel containing 0.1% (wt/vol) gelatin to assay for MMP- 
9. MMP-dependent proteolyses was detected as white zones in a dark 
5 field. 

Western Blotting. For the detection of MMP-9 in conditioned medium, 
medium from equal numbers of cells was denatured in the absence of 
reducing agent, proteins resolved by SDS-PAGE and then transferred to 

10 a nitrocellulose filter. The filter was blocked with 3% BSA and incubated 
with a mouse monoclonal antibody to matrix metalloprotease (#IM37L 
Oncogene Research Products, Calbiochem, Cambridge, MA). 
Subsequently, the blot was incubated with horse radish peroxidase- 
conjugated anti-rabbit IgG and immunoreactive bands visualized by ECL 

15 (Enhanced Chemiluminescence), a commercially available 
immunoblotting detecting system as described by the manufacturer 
(Amersham Life Science, Arlington Heights, IL). p38oc and SAPK3 protein 
was detected using monoclonal antibodies equally recognizing phospho- 
and dephospho-p38 (sc-535-G and sc-6023, Santa Cruz, Santa Cruz, 

20 CA). Briefly cells were extracted in RIPA-buffer containing PMSF 
(100mg/ml) and sodium orthovanadate (1 mM). SDS-PAGE was used to 
resolve proteins extracted under denaturing conditions. The filter was 
blocked with 3% BSA and subsequently incubated with the primary 
antibody over night. To visualize immunoreactive bands the ECL-system 

25 was again used. 

In-gel Kinase Assay for p38a activity and SAPK3 activity assay. Kinase 
assays for p38a activity were performed as described (20). Briefly, cells 
were extracted with buffer A [1% NP40 (octylphenoxy polyethoxy 
30 ethanol), 25 mM Tris-HCI (pH 7.4), 25 mM NaCI, 1 mM sodium vanadate, 
10 mM NaF, 10 nM sodium pyrophosphate, 10 nM okadaic acid, 0.5 mM 
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EGTA, and 1 mM phenylmethylsulfonyl fluoride]. Extracted protein was 
incubated with 2 pg of the anti-p38a antibody immunoreactive with human 
and mouse p38a (sc-535-G, Santa Cruz, Santa Cruz, CA) and Protein-A 
agarose beads (2 mg) for immunoprecipitation. The beads were washed 
5 with buffer A and resuspended in 2X sample buffer, and the immune 
complexes were electrophoresed in a polyacrylamide gel containing 
myelin basic protein. The gel was treated sequentially with buffers 
containing 20% 2-propanol, 5 mM 2-mercaptoethanol, 6 M guanidine HCI 
and 0.04% Tween 40-5 mM 2-mercaptoethanol. The gel was then 

10 incubated at 25°C for 1 h with 10 pM ATP and 25 pCi of [ 32 P]ATP in a 
buffer containing 2 mM dithiothreitol-0.1 mM EGTA-5 mM MgCI 2 , washed 
in a solution containing 5% trichloroacetic acid and 1% sodium 
pyrophosphate, dried, and autoradiographed. For SAPK3 activity cells 
were extracted in a buffer A, extracted protein incubated with 2 pg of the 

15 anti-SAPK3-antibody immunoreactive with human and mouse SAPK3 
(06-603, Upstate Biotechnology, Lake Placid, NY, USA) and protein G 
agarose beads. Beads were washed in buffer A and kinase buffer (50mM 
HEPES, 0.1 mM EDTA, 0.0001% Brij35, 0.0001% 0-mercaptoethanol, 
150mM NaCL, 01mg/ml bovine serum albumin) and subjected to kinase 

20 reaction with 1 pg ATF2 (sc-4007, Santa Cruz, Santa Cruz, CA, USA) as 
the substrate in 40 pi of reaction buffer (kinase buffer, 0.3mM ATP, 0.4M 
MgCI 2 ) at 30°C for 30 min. The reaction was terminated by adding 2X 
reducing sample buffer and heating to 100°C for 5 min. The beads were 
removed by centrifugation. The supernatant was subjected to 

25 imunoblotting as described above with an anti-phospho-ATF2-antibody. 
Immunoreactive bands were visualized using the ECL-system. 

In Vitro invasion assays. Invasion assays were performed as described 
(20, 25) using filters with 8 pm pore size coated with 1/3 diluted 
30 Matrigel®/SFM (Becton Dickinson, Bedford, MA). Cells were plated out in 
SFM containing SB 203580 or DMSO, the carrier of SB 203580, at similar 
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concentrations. For experiments utilizing a mouse monoclonal MMP-9 
Antibody (#IM09L, Oncogene Research Products, Cambridge, MA) (0.5, 
1, and 10 |jg/nnl) cells were either plated out in SFM plus antibody of SFM 
plus similar amounts of preimmune serum. The amount of invasion was 
determined on the basis of the MTT-activity on the lower side of the filter 
as a percentage of the total activity in the chamber. 

Transient transfections with subsequent CAT-ELISA. Transient 
transfections were carried out using Lipofectamin® (GIBCO, Life 
Technologies, Karlsruhe, Germany) for transient transfection as described 
by the manufacturer. UM-SCC-1 and NIH 3T3 cells were co-transfected at 
70% confluence with a CAT reporter construct containing 670 bp of the 
MMP9 wild-type promoter including the transcriptional start site or the 
promoterless CAT construct (SV 0 ) (3pg) along with a pCDNA3-MKK-6 or - 
MKK-3 constitutive active mutant (0.03-3fjg) as described (26), or domi- 
nant negative p38a, 0, SAPK3, SAPK4 or MKK-6 mutants with a one- or 
twofold molar excess to the promoter construct (kindly provided by Dr. J. 
Han, Scripps Research Institute, La Jolla, CA). The transfected DNA- 
amount was equalized in each sample using mock control vector 
(pCDNA3). CAT ELISA, measuring CAT protein expression, was 
performed according to the manufacturer (Roche Diagnostics, Mannheim, 
Germany). 

In the drawings it is shown: 

• Figure 1: Influence of SB 203580 on MMP-9 expression (A), in-vitro 
invasion (B) and growth (C) of UM-SCC-1 cells. 

• Figure 2: Requirement of MMP-9 secretion for in-vitro invasion in 
different cell lines (A), expression of MMP-9 in different cell lines (B) 
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and percentage of in-vitro invasion after incubation with anti-MMP-9 
antibody (C). 



• Figure 3: Influencing of MMP-9 promoter activity after treatment 
5 with dominant negative p38 isoform proteins (A), and the 

expression of p38a and p38y in two different cell lines (B-E). 



• Figure 4: Expression of MMP-9 in two different cell lines (A), 
influencing of MMP-9 promoter activity after treatment with a kinase 
10 deficient MKK6 (B) and constitutive active MKK6 and MKK3 (C) 

mutants. 



• Figure 5. Induction of MMP-9 promoter activity by MKK-6 (A), and 
influence of point mutations in the AP-1 motif on MKK-6-dependent 
15 promoter activation (B). 



20 



Figure 6: Influence of constitutively activated MKK-6 on a CAT- 
reporter (A), and MKK-6 dependent MMP-9 promoter activation 
after treatment with different vectors (B). 



Experiment 1 

UM-SCC-1 cells were plated out in McCoy's 5A culture medium 
25 supplemented with 10 % fetal bovine serum (FBS, Gibco Life 
Technologies, Karlsruhe, Germany) and replenished the following day 
with serum-free medium containing SB 203580 (lOpM, Calbiochem, San 
Diego, CA) or carrier (dimethylsulfoxide DMSO, 0.01 %). After 48 hours, 
the condition medium was harvested and proliferation rates were assayed 
30 with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). 
Aliquots of condition medium, normalized for proliferation differences, 
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were subjected to immunoblotting using a monoclonal anti-MMP-9 
antibody. Subsequently, the blot was incubated with horse radish 
peroxidase-conjugated anti- rabbit IgG and immunoreactive bands 
visualized by ECL as described by the manufacturer (Amersham, 
5 Arlington Heights, IL). A reduction of protein expression of 70 % was 
noted according to densitometric measurement. The data are typical of 
triplicate experiments. 

The results of experiment 1 are represented in Figure 1. 

10 

Figure 1A shows that the squamous cell carcinoma cell line UM-SCC-1 
which constitutively produces large amounts of MMP-9 and displays an 
in-vitro and in-vivo invasive phenotype is influenced by treatment with the 
imidazol derivative SB 203580. SB 203580 reduced MMP-9 protein 
15 expression by approximately 70% at concentrations of 10pM, as 
evidenced by immunoblotting analysis. 

In Figure 1B, UM-SCC-1 cells were plated out on filters precoated with 
Matrigel®in serum-free medium and incubated with various amounts of 

20 SB 203580 for 60 hours to assay for in-vitro invasion. The concentration 
of the carrier (DMSO) was maintained at 0.1%. Invasion is expressed as 
the percentage of cells invading through the Matrigel® Invasion upon 
treatment with varying concentrations of SB 203580 is expressed as 
average percentage +/- S.E. and represents 3 dishes in each group. The 

25 data are typical of triplicate experiments. Figure 1B shows that there is a 
dose dependent reduction of in-vitro invasion by 43 +/- 9% and 69 +/- 8% 
using concentrations of 5pM and 10|jM, respectively. 

Figure 1C shows that the exposure of UM-SCC-1 cells to 5|jM and 10|jM 
30 of the p38 inhibitor for up to 5 days does not affect cell growth excluding 
antimitogenic effects of the compound to be responsible for the inhibitory 
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effect on in-vitro invasion. p38 isoforms differ with respect to their sensiti- 
vity towards SB 203580. The reported IC 50 is 0.1 pM for p38a but 5-10 
|jM for p38p. p38y and p388 are not inhibited by the imidazol derivative 
(27). Hence, the concentration of SB 203580 required to reduce MMP-9 
5 expression and in-vitro invasion of UM-SCC-1 cells closely matches the 
IC 50 of p38p. In this experiment the cells were grown in culture medium 
containing 10% FBS for 5 days with various amounts of SB 203580. 
Number of viable cells was determined with 0.2 mg/ml MTT-vital stain and 
consecutive reading of DMSO-dissolved formazan crystals by 
10 spectrophotometry at 570 nm on the indicated days. The data points are 
typical of triplicate experiments. 

Thus, experiment 1 and the associated Figure 1 show that the p38 SAPK 
inhibitor SB 203580 reduces high-level expression of MMP-9 and in-vitro 
15 invasion of UM-SCC-1 cells without having any effect on cell growth. 

Experiment 2 

In this experiment different cell lines were plated out on filters precoated 
20 with Matrigel® in serum-free medium and incubated. Invasion is 
expressed as the average percentage +/- S.E. and represents 3 dishes in 
each group. The data are typical of triplicate experiments. To address the 
question if MMP-9 might be required for in-vitro invasion of UM-SCC-1 
cells, first expression levels of three different cell lines (UM-SCC-1, 
25 NIH3T3, Hlac82) were correlated with their in-vitro invasive behavior. 
Figure 2A shows that the amount of the MMP-9 in the conditioned 
medium closely paralleled the invasiveness of the cell lines. While UM- 
SCC-1 cells produce the most protease and exhibit the most invasive 
phenotype, NIH3T3 cells, which do not secret any detectable MMP-9, 
30 were by far less invasive on Matrigel® coated filters. Interestingly, there 
was no correlation between MMP-2 secretion and invasiveness of the 
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tested cell lines. This might be due to the requirement of the presence of 
distinct membrane type matrix-metalloproteases (MT-MMP's) for the 
activation of MMP-2 (21), which may not be expressed on NIH3T3 cells. 

5 According to Figure 2B, the different cell lines were changed to serum- 
free medium and cultured for 48 hours. Condition medium was harvested 
and cell numbers were determined using MTT. Aliquots of conditioned 
medium corrected for differences in cell numbers were assayed for MMP- 
9 activity by zymography as described (20, 25) and as is known by those 
10 skilled in the art. The data are typical of triplicate experiments. Only the 
cell line that expresses the highest amount of MMP-9 shows a clear band 
in zymography. 

To finally demonstrate the requirement for MMP-9 activity for the in-vitro 
15 invasive phenotype of UM-SCC-1 cells, in Figure 2C UM-SCC-1 cells 
were plated out on filters precoated with Matrigel® in serum-free medium 
and incubated with various amounts of an anti-MMP-9 antibody (0.5, 1, 
10pg/ml) or equivalent amounts of preimmun serum provided by the 
manufacturer for 60 hours. Invasion is expressed as the percentage of 
20 cells invading through Matrigel®. Invasion upon treatment with varying 
concentrations of the antibody recognizing the active and latent form of 
MMP-9 or preimmune serum provided by the manufacturer is expressed 
as average percentage +/- S.E. and represents 3 dishes in each group. 
The data are typical of triplicate experiments. Figure 2C shows that there 
25 is a dose dependent reduction of in-vitro invasion with increasing 
concentrations of the antibody. 

Thus, experiment 2 and the associated Figure 2 show that there is a 
requirement for MMP-9 secretion into the conditioned medium of UM- 
30 SCC-1 cells for in-vitro invasion of the cell line. Therefore it can be 
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concluded, that SB 203580 inhibits in-vitro invasion of UM-SCC-1 cells by 
reducing MMP-9 expression via a p38 signaling pathway. 

5 Experiment 3 

As MMP-9 expression is almost exclusively regulated at the promoter 
level (28, 29), and to further characterize the role of different p38 isoforms 
in the regulation of MMP-9 expression, UM-SCC-1 cells were transiently 

10 transfected using Lipofectamin® (Gibco Life Technologies, Karlsruhe, 
Germany) as described by the manufacturer and a chloramphenicol 
acetyl transferase (CAT) reporter driven by the wild type MMP-9 promoter 
or the promoterless CAT construct (SV 0 ) and the indicated amount (where 
2 is a twofold molar excess of the effector plasmid relative to the reporter 

15 construct) of an expression vector including a dominant negative p38a, 
p38p, p38y and p388 or the empty vector (pCDNA3). Differences in 
transfected DNA-amount were normalized with empty vector. Cell 
extracts, normalized for differences in protein amount, were assayed for 
CAT expression using CAT- E LISA according to the manufacturer (Roche 

20 Diagnostics, Mannheim, Germany). Data are expressed as average 
percent of control +/- S.E. and represent 2 dishes in each group, 
performed in 3 separate experiments. The kinase deficient mutants were 
created by substituting the threonine by alanine and the tyrosine by 
phenylalanine in the typical TGY sequence of the p38 kinases and all 

25 resultant cDNA's cloned into the mammalian expression vector pCDNA3 
by standard molecular biology techniques as known by those skilled in the 
art. 

According to Figure 3A, a SB 203580 sensitive isoform mutant, p38(3, was 
30 found to repress the activity of the MMP-9 promoter driven CAT reporter 
by 62 +/- 20% at a twofold molar excess, while, quite in contrast, the p38a 
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mutant only reduced MMP-9 promoter activity by 21 +/- 20%. The p385 
mutant inhibited the MMP-9 promoter by 55 +/- 9%. Transfection with the 
p38y mutant virtually silenced the MMP-9 promoter, i. e. promoter activity 
was repressed by 99.9 +/-0.5%. No significant CAT expression was noted 
5 upon transfection of the promoterless CAT construct. 

Figure 3A shows that p38y besides p38|3 and p38§, but not p38a, 
dominant negative expression constructs reduce MMP-9 promoter 
activity. This experiment further supports the involvement of p38p rather 
10 than p38a in the constitutive activation of the MMP-9 promoter and in 
addition, they strongly suggest a role for p385 and most importantly p38y 
in the constitutive activation of the MMP-9 promoter. 

In Figure 3B-E UM-SCC-1 and NIH3T3 cells were maintained in culture 
15 medium containing 10% FBS. Protein extracts (equal protein) and in-gel 
kinase assay were prepared as indicated above and subjected to either 
immunoblotting using a polyclonal anti-p38cc- or SAPK3- antibody (B) and 
(D), or in-gel kinase assay using MBP as a substrate (C), or 
immunokinase reaction using recombinant ATF2 as a substrate (E). The 
20 data are typical of triplicate experiments. By these experiments it was 
excluded that the modest reduction of MMP-9 promoter activity observed 
after inhibition of p38a by a kinases deficient mutant could also be due to 
missing expression and/or activity of the kinase. For this, UM-SCC-1 cells 
and NIH3T3 cells (negative control) were assayed for activity and 
25 expression of p38a. Expression and activity of p38y was also analysed by 
immunoprecipitation with a polyclonal SAPK3-antibody and subsequent 
kinase reaction in a similar experiment. 

As can be gathered from Figure 3 B-E presence of both proteins, p38oc 
30 and p38y, was noted in both cell lines (Figure 3B and C). However, 
enzyme activity of both p38 isoforms was found to be high in UM-SCC-1 
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cells as opposed to undetectable in NIH3T3 cells. Hence, p38ot and p38y 
are present and constitutively active in UM-SCC-1 cells. 

Experiment 4 

5 

Here UM-SCC-1 and NIH3T3 cells were changed to serum-free medium 
and cultured for 48 hours. Condition medium was harvested and cell 
numbers were determined using MTT. Aliquots of conditioned medium 
corrected for differences in cell number were assayed for MMP-9 activity 
10 by zymography. The data are typical of triplicate experiments. 

Figure 4A shows that UM-SCC-1 cells, but not NIH3T3 cells, express the 
matrix-metalloprotease 9 (MMP-9). 

15 As MKK6 protein kinase broadly activates p38 isoforms (in contrast to 
MKK3, which acts as rather specific activator of the p38a and 
SAPK4/p385 isoforms) (26, 30), and in order to determine the role of 
MKK6 in the regulation of MMP-9, in Figure 4B UM-SCC-1 cells were 
transiently transfected using a CAT reporter driven by the wild type MMP- 

20 9 promoter or promoterless CAT construct (SV 0 ) and the indicated 
amount (where 2 is a twofold molar excess of the effector plasmid relative 
to the reporter construct) of an expression vector encoding a kinase dead 
MKK6 mutant. The kinase dead phenotype was created by substituting 
serine 151 and threonine 155 with alanine according to the above noted 

25 publication (26). A strong reduction of MMP-9 promoter activity by 99 +/- 
0.5% was observed. These data demonstrate that a MKK6 kinase 
deficient mutant represses MMP-9 promoter activity in UM-SCC-1 cells 
and that MKK6 is an upstream regulator of MMP-9, which likely signals 
through p38 isoforms. 

30 
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In order to further characterize the role of MKK6 in the regulation of the 
MMP-9 promoter, the effect of constitutive activation of MKK6 kinase was 
examined. In Figure 4C NIH3T3 cells were transiently transfected using a 
CAT reporter driven by the wild type MMP-9 promoter or the promoterless 
5 CAT construct (SV 0 ) and the indicated amount (where 2 is a twofold molar 
excess of the effector plasmid relative to the reporter construct) of an 
expression vector encoding a constitutively activated MKK6 and MKK3 
protein or the empty vector. Differences in transfected DNA-amount were 
normalized with empty vector. Cell extracts, normalized for differences in 

10 protein amount, were assayed for CAT expression using CAT-ELISA. 
Data are expressed as average percent of control +/- S.E. and represent 
2 dishes in each group, performed in 3 separate experiments. The 
constitutive activation of MKK6 was achieved by substituting serine 151 and 
threonine 155 by glutamic acid according to the publication of J. Hahn et al 

15 (26). To avoid interfering activation of the promoter by endogenous 
stimulators, NIH3T3 cells, which do not express endogenous MMP-9 
(Figure 4A) were utilized. A five fold activation of the MMP-9 promoter 
was noted after co-transfection with a CAT reporter and the MKK6 mutant 
at a one fold molar excess. The same experiment was repeated with a 

20 similarly created MKK3 mutant. At a similar molar excess, only a 2.8 fold 
induction of the promoter was observed. 

Figure 4C demonstrates that there is a rather unspecific activation of all 
p38 isoforms (including p38y) by MKK6, while MKK3 more narrowly 
25 targets p38oc and p388. These results support the role for p38y in the 
regulation of MMP-9. 

Experiment 5 

30 In this experiment NIH3T3 cells were transiently transfected with a CAT 
reporter driven by the 5 'flanking regions of the wild type MMP-9 promoter 
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(3jjg) and an expression vector encoding a constitutively activated MKK-6 
protein (MKK6(Glu)) (0.4 pg) at a 0.1 to 1 molar ration of the effector 
plasmid relative to the 670 bp-CAT reporter. Cell extracts, normalized for 
differences in protein amount, were assayed for CAT expression using 
5 CAT-ELISA. Data are expressed as average fold of induction relative to 
the control (MMP-9 670bp-CAT construct) ± SE and represent three 
separate experiments (Fig. 5A). In Fig. 5B, NIH3T3 cells were transiently 
transfected using a CAT reporter driven by the wild type MMP-9 promoter 
or by the MMP-9 promoter containing point mutations in the AP-1 motif at 

10 -79 (3pg) and a constitutively activated MKK-6 construct (MKK-6 (Glu)) at 
a molar ratio of 0.1 to 1 of the effector plasmid relative to the CAT 
construct (0.4pg). Differences in transfected DNA-amount were 
normalized with empty vector. Cell extracts, normalized for differences in 
protein amount, were assayed for CAT expression using CAT-ELISA. 

15 Average fold of induction of CAT expression relative to control (MMP-9 
670bp-CAT construct) ± SE is shown, data represent three separate 
experiments. 

To determine the region of the promoter required for stimulation by the 
20 specific p38 signal transduction pathway activator MKK-6, NIH3T3 cells 
were cotransfected with a CAT reporter driven by 5'deleted fragments of 
the 92-kDa collangenase wild type promoter. All tested constructs 
including the 144-bp fragment of the MMP-9 promoter were similarly 
activated by MKK-6 (3.5-fold at a 0.1 molar ratio of the MKK-6 construct 
25 relative to the amount of the MMP-9 promoter constructs). In contrast, 
little if any stimulation was achieved, if CAT reporter constructs driven by 
90 or 73 bp of 5'flanking sequence were used, suggesting certain 
transcription factor binding sites in the region between - 144 and the 
transcriptional start site to be required for MKK-6 dependent MMP-9 
30 promoter activation (Fig. 5A). A search of this part of the sequence 
indicated the presence of an AP-1 (activating transcription factor 1) 
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binding site at —79 (37). AP-1 is a protein dimmer composed of Fos (c- 
Fos, FosB, Fra1, Fra2) and Jun (c-Jun, JunD, JunB) family members. The 
resulting complex binds to specific DNA sequences known as AP-1 sites 
or tetradecanoyl phorbol (TPA) responsible elements (TRE). This term 

5 refers to the fact that TPA potently stimulates DNA binding of AP-1 due to 
an increase of protein expression and phosphorylation (40). THE MMP-9 
promoter contains such TRE-elements. One AP-1 site is found at -79, the 
second at —540 apart from the major transcriptional initiation site (37, 41). 
The role of this TRE-element in the activation of the MMP-9 promoter by 

10 MKK-6 was then determined. Introducing point mutations into the AP-1 
site (-79) (TGAGTCA into TTTGTCA) (37) completely abrogated the 
inducebility of the full-length wild type MMP-9 promoter by MKK-6. This 
shows a requirement for this region of the MMP-9 promoter for MKK-6 
dependent transactivation (Fig. 5B), which is contained within the 

15 proximal 144 bp 5' flanking region of the MMP-9 promoter. 

Experiment 6: 

In this experiment, NIH3T3 cells were transiently transfected with a 
20 construct encoding a constitutively activated MKK-6 mutant protein 
(MKK6(Glu)) (1 |jg), a CAT-reporter driven by a promoter consisting of a 
minimal thymidine kinase promoter and a repeat of five AP-1 motifs (1m9) 
(5*AP-1) and vectors encoding kinase deficient p38 protein isoform 
mutants (p38a, p38p, p38y, p385) (2pg). To control for the effect of the 
25 minimal thymidine kinase promoter in the 5*AP-1 construct, a plasmid 
lacking the AP-1 repeat was used at similar amounts (1 M9, pBLCAT). 
Differences in transfected DNA-amount were normalized with empty 
vector (pcDNA3). Cell extracts, normalized for differences in protein 
amount, were assayed for CAT expression using CAT-ELISA. Data are 
30 expressed as fold of induction of CAT expression relative to the control 
(5*AP-1 CAT reporter). The data is representative of two separate 
experiments (Fig. 6A). In Fig. 6B, NIH3T3 cells were transiently 
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transfected with a construct encoding a constitutively activated MKK-6 
mutant protein (MKK6(Glu)) (4|jg), a CAT-reporter driven by the 670bp 
wildtype MMP-9 promoter (3pg), and a vector encoding a c-jun protein 
lacking the transactivation domain (TAM67) (2|jg). Differences in 
5 transfected DNA-amount were normalized with empty vector (pcDNA3, 
CMV5 resp.). Cell extracts, normalized for differences in protein amount, 
were assayed for CAT expression using the CAT-ELISA. Data are 
expressed as fold of induction of CAT expression relative to the control 
(MMP-9 wildtype promoter CAT construct). The experiment is 
10 representative of two separate experiments. 

The requirement for the presence and integrity of an AP-1 site in the 
proximal region of the MMP-9 wildtype promoter for MKK-6 dependent 
induction suggested MKK-6 to be an activator of AP-1 dependent 

15 transcription. Therefore, the constitutively active MKK-6 construct was 
cotransfected along with a CAT reporter driven by a five times repeated 
AP-1 consensus site in front of a minimal thymidine kinase promoter into 
NIH 3T3 cells. MKK-6 was found to strongly activate the 5*AP-1 CAT 
reporter construct. This activation was abrogated by either removing the 

20 AP-1 repeat from the promoter or cotransfection of either of the p38 
isoforms dominant negative mutants. Therefore, MKK-6 can indeed 
activate AP-1 dependent transcription via a pathway requiring p38 kinase 
activity (Fig. 6A). 

25 Expression of a c-jun lacking its transactivation domain (TAM67) 
abrogates MKK-6-dependent MMP-9 promoter activation. It was shown, 
that MKK-6-dependent MMP-9 promoter transactivation requires a 
proximal TRE-element (-79) and the capability of MKK-6 to activate AP-1 
dependent transcription through several p38 kinase isoforms. It is 

30 therefore clear that MKK-6 induces MMP-9 wildtype promoter activity 
through activation of the transcription factor AP-1. In order to demonstrate 
this, a c-jun protein lacking its transactivation domain (42), thus acting as 
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a dominant negative AP-1 mutant, was cotransfected along with the 
activated MKK-6 mutant into NIH 3T3 cells. The transiently expressed 
protein binds to fos proteins and generates a transactivation deficient AP- 
1 complex, which competes with intact AP-1 for binding to the TRE- 
5 elements in the MMP-9 promoter. Expression of this mutant protein 
caused an almost complete inhibition of MKK-6-dependent MMP-9 
promoter activation as opposed to the control (empty vector) already at a 
molar ratio of 0.5 to 1 relative to the amount of the full-length MMP-9 
promoter CAT reporter, demonstrating the presumed requirement of the 
10 AP-1 complex for MKK-6-dependent MMP-9 promoter transactivation 
(Fig. 6B). , ] 

The results of experiments 5 and 6 show, that MKK-6 can induce AP-1 
dependent transcriptional activity, which is required for MMP-9 promoter 
15 induction and the requirement of a proximal AP-1 site in the MMP-9 
promoter for MKK-6 mediated activation. 

The results of all experiments clearly demonstrate that according to the 
present invention cancer, preferably invasiveness of cancer metastasis 
20 will be positively influenced by administration of an active agent which 
influences, particularly inhibits downstream regulators of the MMP-9 
signal transduction pathway. 
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Claims: 

1. Use of an active agent for influencing, particularly inhibiting the 
5 expression of matrix-rnetalloproteases in eukaryotic cells, for the 

preparation of a medicament or a pharmaceutical composition for the 
treatment of cancer. 

2. Method for the treatment of cancer, characterized in that 
10 eukaryotic cells are treated by an active agent which influences, 

particularly inhibits the expression of matrix-metalloproteases. 

3. Use or method according to claim 1 or 2, characterized in that said 
matrix-metalloprotease is the matrix-metalloprotease-9 (MMP-9). 

15 

4. Use or method according to one of the preceding claims, 
characterized in that said active agent is targeted against at least one 
member of the matrix-metalloprotea se signal transduction pathway. 

20 5. Use or method according to claim 4, characterized in that said 
member is a member of the p38 protein family. 

6. Use or method according to claim 5, characterized in that said p38 
protein is the p38beta protein. 

25 

7. Use or method according to claim 5, characterized in that said p38 
protein is the p38gamma (SAPK3 or ERK6) protein. 

8. Use or method according to claim 4, characterized in that said 
30 member is a member of the mitogen-activated kinase kinase family. 
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9. Use or method according to claim 8, characterized in that said 
mitogen-activated kinase kinase is the mitogen-activated kinase kinase 
6 (MKK6) or the mitogen- activated kinase kinase 3 (MKK3). 

5 10. Use or method according to one of the preceding claims, 
characterized in that said active agent is targeted against activators, 
regulators and/or biological precursors of the matrix-metaKoprotease 
signal transduction pathway. 

10 11. Use or method according to one of the preceding claims, charac- 
terized in that said active agent is a small molecular compound, 
preferably a small molecular compound with a molecular weight (MW) < 
1000. 

15 12. Use or method according to claim 11, characterized in that the 
small molecular compound is an imidazole derivative, wherein preferably 
said imidazole derivative is SB 203580 or SB 202190. 

13. Use or method according to one of the preceding claims, 
20 characterized in that said active agent is a polynucleotide encoding a 

peptide, preferably a polypeptide, which influences, preferably inhibits 
the expression of matrix-metalloproteases. 

14. Use or method according to one of the preceding claims, 
25 characterized in that said cancer is of the invasive phenotype. 

15. Use or method according to one of the preceding claims, characte- 
rized in that said cancer is; 

a) a squamous epithelial carcinoma, preferably a squamous 
30 epithelial carcinoma of the head, neck, skin or stomach, or 

b) a colon-, breast- or hepatocellular carcinoma, or 

c) a fibrosarcoma of the stomach. 
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16. Pharmaceutical composition, comprising a compatible quantity of 
at least one active agent, wherein said active agent is influencing, 
preferably inhibiting the expression of matrix-metalloproteases in 

5 eukaryotic cells, and optionally further comprising a pharmaceutical^ 
acceptable carrier. 

17. Pharmaceutical composition according to claim 16, further 
characterized by an active agent as defined in one of the claims 4 to 13. 

10 
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